Background and Objectives: Human papillomavirus (HPV) is the primary cause of cervical, anal, and other anogenital cancers, but risk factors for penile HPV detection in men have not been well-characterized.
HUMAN PAPILLOMAVIRUS (HPV) has been identified as the necessary, sexually transmitted etiologic agent of cervical cancer, cervical intraepithelial neoplasia (CIN), and other squamous cellbased anogenital cancers in women and men. In U.S. women, HPV causes 13,000 cases of cervical cancer each year. 1 HPV is also associated with 4000 cases of anal cancer each year in the United States, as well as many of the 4800 incident vulvar and vaginal cancers and 1000 penile cancers. [1] [2] [3] [4] Although much data exist on HPV infection in women, knowledge about penile HPV in men is limited. However, most recent studies suggest that prevalence of penile HPV in men is at least as high as cervical HPV prevalence in women. [5] [6] [7] [8] [9] [10] [11] [12] Moreover, several studies have demonstrated that the sexual behavior of men impacts rates of HPV infection, CIN, and cervical cancer in female sex partners, even after adjusting for female sexual behavior. 14 -18 The epidemiologic characteristics of men that contribute to the risk of cervical carcinogenesis in women have been termed the "male factor" 13 ; we now recognize that these characteristics are markers for male HPV infection. Despite the important role men play in the pathogenesis of cervical disease, little is known about the prevalence and natural history of HPV in men. HPV lesions in men are overwhelmingly subclinical, resulting in a large number of asymptomatic carriers. More data are needed on the epidemiology of genital HPV in men to elucidate the mechanism of sexual transmission and improve our understanding of the initiation of carcinogenesis.
The purpose of our investigation was to identify factors associated with HPV detection in men. Prevalence and HPV typing data from this study are presented elsewhere. 12 In this article, we present the results of the risk factor analysis. We specifically focused on determining whether sexual behaviors, including condom use as reported by study participants, are associated with HPV detection.
Materials and Methods
A detailed description of the study methods is presented elsewhere. 12 The project was a descriptive, cross-sectional investigation of high-risk men attending a public sexually transmitted disease clinic in Tucson, Arizona, between July 2000 and January 2001. Men aged 18 and over presenting to the clinic for any reason were invited to participate in the study, resulting in the enrollment of 443 participants, of whom 393 had complete HPV DNA analyses.
All study materials were available in both English and Spanish. An informed consent document, approved by the University of Arizona Human Subjects Committee and by the Pima County Health Department, was reviewed with each subject and signed. Trained interviewers then administered a 50-item questionnaire assessing sexual history, risk factors for sexually transmitted infections, and sociodemographic information. The questionnaire used in this study was developed based on 2 previously validated instruments: a questionnaire used by our research group in the binational study of HPV infection in women along the Arizona, U.S.-Sonora, Mexico border, and a questionnaire that assesses sexual beliefs, practices, and condom use among unmarried Latino men and women. 19, 20 Questions were modified and/or eliminated to suit the assessment needs of this project.
We specifically aimed to determine whether condom use, as reported by study participants, influenced the prevalence of HPV. To this end, 12% of the participant risk factor questionnaire consisted of condom-related questions. A 5-point Likert scale was used to evaluate frequency of condom use, with the categories "always," "more than half the time," "half the time," "less than half the time," and "never." (The 3 midrange categories were combined into "sometimes" for statistical analyses.) Other items addressed in the instrument were sexual history, sexual behavior, and sociodemographic characteristics. In this population, men were described as Hispanic, white non-Hispanic, or "other" ethnicity, which included black men, Native American men, and men of Asian and South Asian descent.
All completed interviews were carefully reviewed before being entered into computer files. Data entry was completed using the Epi Info version 6.0 program (CDC, Atlanta, GA). Ten percent of the surveys were randomly selected and verified for coding and entry errors.
Trained clinicians performed clinical examination of study participants and collected samples for routine laboratory tests for chlamydia and gonorrhea (Gen-Probe PACE system; Gen-Probe Inc., San Diego CA) and for other infections as was clinically indicated. For HPV sampling, a Dacron swab was brushed 360°around the coronal sulcus and then another 360°around the glans penis, and was inserted into a vial containing 300 L of STM (Digene Corp., Gaithersburg, MD). Specimens were refrigerated until the end of the workday and were then maintained at Ϫ80°C until analysis.
Clinicians documented several clinical findings for each participant, which included evidence of genital warts/condyloma on examination, circumcision status, and presence of nongonococcal urethritis (NGU) on Gram stain. All subjects' charts were reviewed for assessment of clinical diagnoses and laboratory test results.
HPV detection was conducted using polymerase chain reaction (PCR). All reagents were provided by Roche Molecular Systems, Inc. (Alameda, CA). Genomic DNA was extracted following standard techniques. 21 Aliquots of 50 L were digested with 5 L Proteinase K for 1 hour at 65°C, followed by 5 mol/L ammonium acetate and ethanol precipitation. The crude DNA pellet was dried and resuspended in 50 L 10 mmol/L Tris, pH 7.5. The DNA extracts were then stored at Ϫ80°C until amplification. Specimens were tested for the presence of HPV by amplifying 5 L of the DNA extracts with the PGMY09/11 L1 consensus primer system and AmpliTaq Gold polymerase (Perkin-Elmer Applied Biosystems, Foster City, CA). Each amplification contained 1X PCR Buffer II, 4 mmol/L MgCl2, 200 mol/L (each) dCTP, dGTP, and dATP, 600 mol/L dUTP, 7.5 U of AmplTaq Gold, 1 mol/L PGMY09 primer blend, 1 mol/L PGMY11 primer blend, 25 nM B PC04, 25 nM B GH20, and 5 L of the template DNA extract. For eventual inclusion of uracil-N-glycosylase to prevent product carryover, dTTP was replaced with dUTP. To determine specimen adequacy, the GH20/PC04 human ␤-globin target was coamplified with the HPV consensus primers. For every 10 samples, a negative control (H 2 O) and a positive control (CaSki Cell Line American Type Culture Collection, Manassas, VA) were run to control for contamination and accuracy. The samples were amplified using Perkin-Elmer GeneAmp PCR System 9700. The following amplification profile was used: 95°C hotstart for 9 minutes, 95°C denaturation for 1 minute, 55°C annealing for 1 minute, and 72°C extension for 1 minute ϫ40 cycles, followed by a 5 minutes. terminal extension at 72°C and a hold step at 4°C.
HPV genotyping was conducted using the reverse line blot method on all samples that were positive by PCR. 22 This detection method used the HPV L1 consensus PCR products labeled with biotin to detect 27 HPV types. The HPV genotype strip contained 29 probe lines detecting 27 individual HPV genotypes and 2 concentrations of the ␤-globin control probe. Coamplification and detection of human DNA with GH20/PC04 human ␤-globin primers served as the control for sample adequacy and PCR amplification. Poor or no ␤-globin amplification indicated lack of sufficient cellular material for PCR or the presence of polymerase inhibitors. When adequate sample material was available, HPV genotyping was conducted on specimens that tested ␤-globin negative to avoid false-negative results caused by high HPV copy numbers competing with ␤-globin amplification.
The PCR products were labeled with biotin and denatured and added to the probe strip in a hybridization buffer. After strips were washed, streptavidin-horseradish peroxidase was added to facilitate detection of the various HPV types. After final wash, buffer was removed by vacuum aspiration, and strips were rinsed in 0.1 mol/L sodium citrate. Color development was activated by incubation in a mixture of hydrogen peroxide in sodium citrate buffer and tetramethylbenzidine in dimethylformamide for 5 minutes on a rotating platform (70 rpm). Developed strips were interpreted and photographed for future reference. Strip interpretation was performed with a labeled overlay with lines indicating the position of each probe relative to the reference mark.
Grouping of HPV types by oncogenicity was based on the classification adopted by Roche for the line blot assay whereby HPV types 16, 18, 26, 31, 33, 35, 39, 45 , 51, 52, 55, 56, 58, 59, 68, 73, 82, and 83 are considered oncogenic, and HPV types 6, 11, 40, 42, 53, 54, 57, 66, and 84 are considered nononcogenic. 22 We have defined the presence of HPV DNA in penile skin samples as HPV detection, rather than infection, because the cross-sectional study design inherently limited our ability to distinguish HPV carriage on the penis from true HPV infection.
STATA/SE 7.0 (Stata Statistical Software: Release 7.0, College Station, TX: Stata Corp., 2001) was used for all data analyses. Comparisons of categorical variables were analyzed by chisquared tests. Odds ratios to determine univariate and multivariate associations with oncogenic, nononcogenic, and overall HPV detection were calculated. To ascertain those factors independently associated with HPV detection in a multivariate model, all variables listed in Tables 1 and 2 were examined. Backward stepwise logistic regression analyses were conducted using the method of maximum-likelihood estimation of the models, with the significance level for removal from the model set at P Ͼ0.10. Statistical interactions between variables were examined, but none were found to be statistically significant. Table 1 contains sociodemographic data of 393 study participants and the univariate associations between these factors and oncogenic, nononcogenic, and any-type (overall) HPV detection. Overall HPV prevalence was 28.2% (data not shown). 12 Men who had some college education had decreased risk for any-type and oncogenic-type HPV detection. Increased risk for any-type HPV and for oncogenic HPV was noted among men who reported 30 or more episodes of vaginal or anal sexual intercourse per month. Circumcised participants had decreased risk for all measures of HPV detection. Participants diagnosed with genital warts at their clinic visit were at increased risk for any-type and nononcogenic HPV. Table 2 presents the associations between condom use and risk for HPV detection. Thirty-nine percent of participants reported never using a condom in the past 3 months, whereas 15.2% reported using a condom every time they had sexual intercourse; all others used condoms "sometimes" (data not shown). In univariate analyses, any-type and oncogenic HPV detection risk was significantly decreased with some use of condoms compared with "never" use during the past 3 months. Condom use with a steady partner was significantly associated with a decreased risk for overall HPV detection. For those with a steady partner, the use of condoms "always" also was associated with a nearly significant decrease in risk for oncogenic HPV detection. Condom use during most recent episode of anal sex was Logistic regression analyses identified variables independently associated with overall, nononcogenic, and oncogenic HPV detection (Table 3) . Risk for any type of HPV was significantly increased among participants reporting greater frequency of sexual intercourse (vaginal or anal) during the last 3 months (P trend ϭ 0.006) and among those with current genital warts (adjusted odds ratio [AOR] ϭ 2.48). Reduced risk for any-type HPV detection was associated with circumcision (AOR ϭ 0.34), having a steady sexual partner (AOR ϭ 0.58), and regular condom use during the previous 3 months (AOR ϭ 0.41 and AOR ϭ 0.60 for men who always and sometimes used condoms vs. never).
Results
Risk for nononcogenic HPV detection was significantly associated with circumcision (AOR ϭ 0.44), current genital warts (AOR ϭ 4.35), and use of condoms with last episode of anal sex (AOR ϭ 0.25).
Risk for oncogenic HPV detection was significantly associated with greater frequency of sexual intercourse (vaginal or anal) during the last 3 months (P trend ϭ 0.003), and was inversely associated with circumcision (AOR ϭ 0.44), condom use (AOR ϭ 0.21 for always use vs. never), and reporting a steady sexual partner (AOR ϭ 0.76).
Discussion
This study is one of a few that have analyzed the correlates of HPV detection in men and the first to investigate risk factors for HPV among men in the United States. Our results suggest that "classic" risk factors for HPV do not apply in men. In females, risk for HPV infection has been consistently increased among young women and in women who report a greater number of lifetime sexual partners. In some studies, HPV has been associated with the number of recent sexual partners or with an early age at first coitus. In this male study of HPV detection, no clear age-related association was identified, and HPV was not associated with number of lifetime female sexual partners or the number of female sexual partners in the last 3 months. These results differ from the findings of a Danish study and those of a large multinational study by the International Agency for Research on Cancer (IARC), both of which reported that HPV DNA detection in men was associated with the number of lifetime female sexual partners. 7,9,11 Our findings, however, do replicate those of a study of HPV DNA among Mexican men, among whom number of female partners did not correlate with the presence of penile HPV. Although the Danish study identified young age as a strong predictor of HPV DNA in men, the IARC study, the Mexican study, and our own investigation have not confirmed this association. Notably, none of these male HPV studies has reported an association between HPV DNA in men and age of first coitus.
Our results confirm published data that demonstrate a reduction in HPV detection among men who are circumcised. 8, 11 This association was robust in our study, with statistically significant risk reduction occurring across HPV type categories. The significance of circumcision as a modifying factor in penile HPV infection, and perhaps as a strong determinant of the risk of cervical cancer conferred to the female sexual partner, has profound implications for public health practice. In developing nations where circumcision is uncommonly performed and incidence of cervical cancer is high, increased rates of circumcision could potentially play a role in anogenital cancer prevention.
In designing this study, we specifically addressed the question of whether condom use would impact the risk of HPV detection in men. Although most past investigations have failed to demonstrate a decreased risk for HPV among women or men who used con- 9, 11, [23] [24] [25] , other studies have reported reduction of risk for cervical neoplasia in the female partners of men who used condoms 17, 26 or among women who used barrier contraceptive methods such as the diaphragm. 27, 28 Our hypothesis that condoms would decrease the risk for HPV in men was based on these positive findings and was also grounded in results from in vitro experiments showing that latex condoms are normally impervious to the passage of small virus particles, 29 as well as in vitro and in vivo studies in which latex condoms have prevented transmission of cytomegalovirus (CMV), a herpesvirus 10 to 20 nm smaller the papillomaviruses. 30 -32 . Viral STDs can infect genital skin beyond the area covered by a condom, so condom use does not afford complete protection against these infections. However, condom use has been previously demonstrated to decrease the incidence of genital herpes infection among both men and women. 33, 34 In this study, we sampled only the tip of the penis and therefore cannot draw conclusions about HPV infection in other areas of the male genitalia, for which condom use may not reduce risk. Because we have not accounted for the presence of virus at other anatomic sites, our analysis may overestimate the protective benefit of condom use. Nonetheless, we were encouraged to find that in multivariate analyses, consistent condom use was associated with a significantly decreased risk for overall and oncogenic HPV detection on the penis. Because penile contact with the cervix could be an important mechanism for HPV transmission from men to women, particularly in the development of cervical neoplasia, reduction of penile HPV through condom use may have important implications for public health and for public education messages regarding HPV.
A strength of our study was its focus on assessment of condom use as it relates to HPV detection. Participants' diverse responses to questionnaire items regarding condom use provided us with ample data on this issue. However, investigation of condom use in a research population is inherently difficult, and our data would have been more precise had we queried participants with specific questions about not only when they use condoms, but how they use them. To serve as effective barriers to disease, condoms must be used consistently and correctly with every sexual encounter. Potential exposure to semen occurs when condoms are used improperly, as when withdrawal is delayed after ejaculation or when an oil-based lubricant is used in conjunction with a condom 35 ; such errors have been reported by a high percentage of condom users. 36 Assessment of condom use is also limited by the difficulty in determining the true consistency of use among subjects. 37, 38 However, if participants overestimated their condom use, or if those who used condoms "sometimes" or "always" used them improperly, the benefit of proper condom use would be underestimated in our analysis.
Another finding with potential public health implications is that men who reported having a steady sexual partner had a lower risk of overall HPV detection. One explanation for this finding is that men in a steady relationship are less likely to have other sexual partners and therefore may have less exposure to HPV. (In our study, 47.2% of men in a steady relationship reported having other partners.) Another explanation is that if HPV infection in men is short-term, as has been suggested in previous studies, 39, 40 men with a steady sexual partner may have had time to mount an immune response and clear their HPV infection.
Our logistic regression analyses indicate that increased frequency of sexual contact is associated with detection of oncogenic and any-type HPV in men. This finding may simply reflect that the risk of sexually transmitted disease acquisition, in general, is a function of exposure to an infectious agent and as such increases with multiple or repeated sexual encounters. Alternatively, the association between penile HPV and frequent sexual intercourse could be the result of a bias created by our sampling method, which entailed collection of superficial penile skin cells. Some of the HPV detected may therefore originate from cellular material such as dried secretions on the surface of the penis. 12 HPV DNA identified in these samples may reflect carriage of the virus rather than true infection and could be increased in men who had more numerous sexual encounters. However, if detection of HPV in men reflected transient carriage, we would expect risk for HPV to be increased in participants who reported more recent sexual encounters; we observed no such association between HPV detection and days elapsed since last vaginal or anal intercourse (data not shown). We did not collect data on frequency of genital washing or most recent penile cleansing, and so could not control for this potentially confounding variable.
Our study has another limitation, in that the STD clinic population participating in this investigation was an especially high-risk group. 12 Results are therefore not necessarily applicable to the general male population. Nonetheless, this report is the first to document risk factors for HPV detection in a diverse population of U.S. men, and as such, represents an important contribution to basic HPV epidemiology. The enrollment of many Hispanic/Mexican American men in this study, nearly 40% of participants, allows us to contribute to the nascent body of information about this subgroup, a rapidly growing segment of the U.S. population that has been underrepresented in most health-related research. Identifying risk factors for HPV among Hispanic men has special public health significance because in the United States, cervical cancer and cervical dysplasia incidence are disproportionately high among Hispanic women.
The increasing incidence of cervical dysplasia, anal cancer, and HPV-related vulvar cancer in the United States attests to the importance of understanding HPV not only in women, but in men, who serve as vectors of this ubiquitous virus and potentially as reservoirs. For prophylactic HPV vaccine efforts, targeted education campaigns, and other future cancer prevention endeavors to be successful, comprehensive knowledge about the epidemiology of HPV in men must be acquired through further studies.
